During the second half of June, 2008, 50 broadband seismic stations were deployed on Etna volcano in close proximity to the summit, allowing us to observe seismic activity with exceptionally high resolution. 129 Long Period events (LP) with dominant frequencies ranging between 0.3 and 1.2 Hz, were extracted from this dataset. These events form two families of similar waveforms with different temporal distributions. Event locations are performed by cross-correlating signals for all pairs of stations in a two-step scheme. In the first step, the absolute location of the centre of the clusters was found.
Introduction
Mt Etna is an active 3,330 m high stratovolcano located on the East coast of Sicily, Long Periods (LP) events, with frequencies ranging from 0.2 to 1.3 Hz on Mt Etna, are thought to be associated with resonance or transport of fluid in the volcano conduits and are often considered as precursors to an eruption [Chouet, 1996] . Locating these events can greatly improve our knowledge of the geometry of the plumbing system of the volcano.
Furthermore, an accurate location can help us constrain moment tensor inversions leading to a better understanding of the source process.
As LP signals have an emergent onset, classical travel-time inversion cannot usually be used to locate the source of these events. Several methods have been developed to locate them: semblance method [e.g. Patanè et al., 2008] , array techniques with frequencyslowness analysis [Métaxian et al., 2002] , amplitude decay [Battaglia et al., 2003] , coupled inversion for location and moment tensor [Kumagai et al., 2002] or travel time inversion with improved pick readings achieved through stacking similar events [Saccorotti et al., 2007] .
In the past, several studies have been conducted on LP events from Mt Etna [Falsaperla et al., 2002; Saccorotti et al., 2007; Lokmer et al., 2007b; Patanè et al., 2008] . They found LP sources located below the summit area at shallow depths, i. et al., 2008] , which is in agreement with geodetic data [Bonaccorso et al., 2002] and LP source mechanisms [Lokmer et al., 2007a] . However, locations of LP events
have not yet shown any clear structural geometry on Mt Etna.
The aim of this paper is to obtain information about LP source distribution. We use the observations from a temporary deployment with 50 broadband stations. LP events were extracted and classified from this dataset. We then focused on the location of these events using the time delays between closely spaced stations measured by cross-correlation. The resulting high resolution source locations show outstanding well-defined geometries with an unprecedented short term temporal variation. give us approximately 500 events. We then classify these events using a cross-correlation analysis between all pairs of signals [Saccorotti et al., 2007] . We keep the events that give a correlation coefficient greater than 0.9 with all events on at least 3 out of the 4 permanent stations close to the summit. We obtain two different families with a similar number of events (63 and 66, resp.). decrease by an order of magnitude. In the same period, the tremor amplitude increases.
Data
Since both the LPs and tremors are in the same spectral range, it makes it difficult to recognize and extract additional LP events after June 22 nd .
The waveforms and the spectral content of the stacked events for both families are shown in figure 2b ). Though the waveforms are quite similar, the spectral peaks are not the same for both families. The second one has a sharper spectrum, with a peak frequency slightly higher than family 1. The waveform similarity within each group suggests spatially close sources with a similar mechanism, while the source position and/or the mechanism have to be different between the two families.
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Method
The location of the LP events is computed in two steps. We first find the mean position for each family and we then locate the individual events using this first position. As the LPs are emergent (as seen in fig. 2b ) ), it is impossible to directly measure the arrival time. Instead, we choose to use cross-correlation between stations i and j (i = j) to obtain the time delays t obs ij .
In the first step, we improve the Signal to Noise Ratio by stacking similar events. For a hypothesized source position X s (x s , y s , z s ), we compute the distance between the source and each station. The propagation medium is assumed to be homogeneous which leads to the approximation of spherical wavefronts as the source-to-receiver distances are short.
Theoretical time delays t th ij (X s ) between pairs of stations are then obtained by dividing the distance difference by the wave velocity. We then use a grid search to find the position X s which minimizes the misfit function defined by:
where C ij is a weight related to the correlation coefficient c ij (
and W ij a correction factor inversely proportionnal to the time delays between stations
, as we consider that errors increase with the propagation distance.
ξ c and ξ w are normalizing constant which can be adjusted.
In this first step, we found the mean location X 0 of the hypocentre for each family. How- Although this location method does account for the topography, it does not take the wave propagation effects (free surface, velocity heterogeneities) into account. However, this is balanced by the large number of stations and their close proximity to the source.
Synthetics tests are performed to check the accuracy of the location (see figure 4 , auxiliary materials). Errors are found to be very small in the horizontal plane (<10m) and bigger in the vertical direction (<100m).
Location results
We locate the events for both families with the method from section 3. We only use stations close to the summit, i.e. 25 stations for family 2 and 19 for family 1, according to the available data. We compute the stacked events for both clusters and we use 2x2x2 This suggests (see tab. 1) that the cluster geometry of family 1 is more dike-like, while the two branches of family 2 are closer to pipe shapes. Family 1 mainly shows a subvertical planar geometry with normal defined by φ 3 =31
• and θ 3 =5
• . The two clusters of family 2 are elongated in directions φ 1 =74
• , θ 1 =26
• for F2a and φ 1 =8
• , θ 1 =46
• for F2b. However, the two clusters F2a and F2b can be merged in a single cluster as they belong to a same plane whose normal is defined by φ 3 =137
• and θ 3 =37
• . This can be interpreted as the presence of a planar structure for family 2 within which the LP source locations move, branching into two directions.
Discussion and Conclusion
Two families of LP events (63 and 66 events selected) were found in the first four days of after the lava fountains of 2007. This suggests that the events found in this study are more likely the end of the response to the lava fountain of the 10 th of May 2008. One possible hypothesis is that these seismic events are associated with magma trapped in plugged conduits leading to the summit craters. Another hypothesis may be that LP events are not directly related to magma, but rather to gas, which is continuously emitted from the summit craters. Determining the source mechanisms by moment tensor inversion [Kumagai et al., 2002; Lokmer et al., 2007a] will provide more insights into the process generating these events. Table 1 . Main characteristics of the structures: azimuth (φ 1 and φ 3 ) and inclination angle (θ 1 and θ 3 ) of the major and minor principal parameter axes; Ratio between major
and minor (L 3 ) principal parameter axes; strike and dip (=azimuth and plunge for the pipe-shape F2a and F2b). Family 2 Family 1 Figure 3 . Location of all the LPs for family 1 (left) and 2 (right) with colours indicating temporal evolution. Colourscale (days) is common for both family. Views are from above, South and West. Triangles are some of the broadband stations. The side views correspond to the crosssections indicated in fig. 1 ."T " and "→" symbols represent the planar and pipe-shape structures, with dip and plunge angles respectively.
